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0 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM x-216 

AN EXPLORATORY INVESTIGATION OF A "SPORT CONFIGURATION 

DESIGNED FOR SUPERSONIC CRUISE FLIGHT 

NEAR A MACH NUMBER OF 3" 
i 

By Ausley B. Carraway, Donald T. Gregory, 
a2d Melvin M. Carinel 

SUMMARY 

Results have been obtained from an investigation in the Langley 
Unitary Plan wind tunnel at Mach numbers from 2.3 to 4.5 of a proposed 
canard-type transport configuration desigeci for efficient cruise flight 
at a Mach number of 3. 
range from about -4' to 12' and at angles of sideslip near 0' and 4'. 

Tests were performed over an angle-of-attack 

The results indicate that the configuration had a maximum lift-drag 
ratio of approximately 5.7 at a Mach number near 3 and at a Reynolds 
number of 3 x 10 6 based on the wing mean aerodynamic chord. A n  experi- 
mental trimmed lift-drag ratio approaching 6 is deemed possible through 
further refinements to the configuration. 
efficiency, this proposed Mach number 3 transport would be economically 
feasible since the lift-drag ratios will approach and probably exceed 7 
at full-scale flight conditions if full-scale surface conditions are 
compatible with model surface conditions. 

On a basis of aerodynamic 

I? TRODUCTION 

Aerodynamic technology is approaching the state in which a superscnic- 
cruise transport in the commercial and military field is seen to be feasi- 
ble. Such a vehicle would be of use for long-range 
conveyance of passengers or various military needs, such as rapid deploy- 
xent of troops and equipment. 
of such a configuration would be one of the prime factors influencing the 
realization of this type of vehicle. 

(See refs. 1 and 2.) 

The aerodynamic efficiency (lift-drag ratio) 

Recent design studies have indicated 

* Title, Unclassified. 
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that a lift-drag ratio (L/D) o f  approximately 7 (for long-range aircraft) 
is needed in order that a Mach number 3 airliner may be made economically 
feasible. V 

Although experimental data exist on several high L/D configurations 
(ref. 3 ) ,  these configurations, because of volume considerations, are not 
believed appropriate for transports; therefore, the staff of the Langley 
Unitary Plan wind tunnel has investigated a model of a proposed configu- 
ration for efficient cruise flight at a Mach number of 3 .  
tion is of the canard type and employs a clipped-delta wing plan form with 

The configura- I 

.r 

a :xximum thickness ratio of 27 1 percent. The engine arrangement is L 
6 

designed for four engines placed side by side in a package below the wing 
and two engines contained in the rearward portion of the fuselage. 
fuselage generally has circular sides with a flat top and is designed to 
carry nearly 200 passengers. 

61 
6 The 

Tests were performed through an angle-of-attack range from approxi- I 

mately -4' to 12O at sideslip angles of approximately 0' and 4' and 
through a Mach number range from 2.3 to 4.5. The tests were conducted 

6 at a Reynolds number of 3 x 10 based on the mean aerodynamic chord of 
the wing. 

t 

SYMBOLS 

The aerodynamic forces and moments are referred to the stability 
axes system for the longitudinal data and to the body axes system for 
the lateral data with the origin at the center of gravity. 
and 2.) 

(See figs. 1 
The symbols used are defined as follows: 

b wing span, in. 

C mean aerodynamic chord of wing, in. 

C A 
Axial force axial-force coefficient, 

qsw 

drag coefficient, - Drag 
qSW 

Chamber drag chamber drag coefficient, 
qsw CI;, C 

Internal drag internal drag coefficient, 
qsw Ci, i 
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0 0  0 .  0 0  
0 0 0 0 0 0  0 0  

xinimun! drag coefficient "min 

CL 
Lift lift coefficient, - 
qsw 

lift coefficient at an mgle of attack of 0' cLo 

CL, = acL per degree 

theoretical drag due to lift of a flat pla+,e 1 
57.3CL 

Rolling moment 
rolling-moment coefficient, 

q%& 

Pit chiiig Inone1it pitching-moment Coefficient, 
qs,c 

pitching-moment coefficient at CL = 0 

per degree &?I - 

per degree n"rm 

&N 
- 

Yawing moment yawing-moment coefficient, 
q%?b 

Side force side-force coefficient, 
ss ,  

drag due to lift parameter 

altitude, ft 

(L/D)- m a x i m  lift-drag ratio 

M free-stream Mach nYIPIIIIIIII) - 
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+ 

t h e o r e t i c a l  drag due t o  l i f t  o f  a t r i angu la r  wing (supersonic 
leading edge) ? 

free-stream dynamic pressure,  lb/sq f t  

Reynolds number; rad ius  

wing area ,  sq f t  

gross a i rp lane  weight, l b  

angle of a t t a c k  of wing chord l i n e ,  deg 

angle of s i d e s l i p  of  fuselage center  l i n e ,  deg 

canard angle, measured with respec t  t o  wing chord l i n e  (pos t -  
t i v e  d i r ec t ion ,  leading edge up) ,  deg 

nose angle measured with respec t  t o  wing chord l i n e  (pos i t i ve  
d i r ec t ion ,  nose up) ,  deg 

L 
6 
6 
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APPARATUS AND TESTS 

Tunnel 

Tests were conducted i n  the  high Mach number t e s t  sec t ion  of t h e  
Langley Unitary Plan wind tunnel,  which i s  a variable-pressure,  continuous- 
flow tunne l .  
sl iding-block type, which permits a continuous v a r i a t i o n  i n  t e s t  s ec t ion  
Mach number from about 2.30 t o  4.70. 

The nozzle leading t o  the  t es t  sec t ion  i s  of t h e  asymmetric 

Model 

Drawings and dimensions of t h e  model are presented as f i g u r e  2 and 
t a b l e  I, and photographs of t h e  model are presented as f igu re  3. 
of t h e  configuration i s  a modified d e l t a  with clipped t i p s .  
thickness of t h e  hexagonal s ec t ion  wing i s  21 percent  between the  50- and 

70-percent chord l i n e s .  The leading edge of t h e  wing has 62' sweepback. 
The ducting simulates four of t h e  engines loca ted  i n  a package below t h e  
wing and the  two engines loca ted  i n  t he  rearward po r t ion  of t h e  fuse lage  
above the wing. The i n l e t s  on t h e  package are s i zed  t o  serve a l l  s i x  
contemplated engines. The underside of t h e  fuselage,  from forward of 
t h e  i n l e t s  t o  about t h e  midchord of t h e  wing, w a s  "scooped out" t o  provide 

The wing 
The m a x i m u m  
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a boundary-layer bleed for  the  i n l e t s .  
was removable and with the  package removed, tests could be made with t h e  
d ive r t e r  (boundary-layer bleed) open, as designed, or  f a i r e d  smooth i n t o  
t h e  o r i g i n a l  fuselage contours. 
f l a t  upper and lower surface.  

(See f i g .  2.) The engine package 

The f'uselage has c i r c u l a r  s ides  with a 

Configuration Design Considerations 

The proposed configuration, a s  previously mentioned, was designed 
t o  car ry  approximately 200 passengers. 
b l e  arrangement i s  shown i n  f igure  4. 
abreas t  with l f i  inches allowed f o r  each sea t  and with an 18-inch aisle. 
Three f e e t  of longi tudinal  space per  seat  row i s  considered ample, thus 
100 f e e t  of length would be mre than su f f i c i en t ,  spacewise, Lo accomo- 
a n t e  t h e  proposed passenger complement. In addi t ion,  allowances were 
made Tor r,ecessw-- cloakrooms, galleys,  restrooms, e lec t ronic  equipment, 
and p i l o t  compartinent. 
ins-Aatir,g nnaterirzl eround the  cabin due t o  t h e  an t ic ipa ted  heat l e v e l s  
i n  the  propose6 speed regime of t h i s  configuration. The cabin would be 
constructed LS 2 l a t e r a l  double bubble f o r  r i g i d i t y  purposes and has 
ample space for storage,  operating equipment, and many other  i t e m s .  It 
may be noted :Sat p a r t  of the  f u e l  storage i s  i n  the  forward por t ion  of 
t h e  fuselage.  
rearward under the  cabin; however, t h i s  i s  believed t o  be a necessi ty  f o r  
t h i s  type of configuration on the  basis  of balancing the  weight properly 
t o  a f ford  a center-of-gravity location far enough forward fo r  s t a b i l i t y  
purposes. 

A schematic drawing of one possi-  
The passengers can be seated seven 

Four inches of space were made ava i lab le  f o r  

This condition m e a n s  that  fuel l i n e s  must be extended 

Test Conditions and Procedure 

The tes t  conditions were as follows: 

Mach number . . . . . . . . . 2.30 2.95 4.00 4-70 
Stagnation temperature, O F  . . 150 150 173 175 

Stagnation pressure,  p s i a  . . 11.4 14.6 26.9 33.9 
Stagnation dewpoint, OF . . . ~ 3 0  <-30 <-30 <-30 

Reynolds number based on 
mean aerodynamic chord 
of the wing . . . . . . . . 3.0 X lo6 3.0 X lo6 3.0 X lo6 3.0 x 106 

A l l  configurations were t e s t ed  through an angle-of-attack range of 
approximately -4' t o  120 a t  angles of  s i d e s l i p  of approximately Oo and 4O. 

Canard angle was varied from about 0' t o  3' and nose angles used were 0' 
and 2 . 5 O  (both measured with respect t o  the  King chord l i n e ) .  
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The model, for all tests, incorporated fixed transition at the 
5-percent chord of the wing, canard, and vertical surfaces. Transition 
was also fixed 1 inch back of and around the model nose. Transition was 
fixed by means of No. 60 carborundum (approximately 0.012-inch diameter) 
grains set in a plastic adhesive about 1/16 inch wide except on the nose 
and lower surface of the canard where it was composed of 0.031-inch grains 
of sand spaced approximately 0.1 inch apart. 

Measurements 

Aerodynamic forces and moments were determined by means of a six- 
component electrical strain-gage balance housed within the fuselage. 
The balance, in turn, was rigidly fastened to a sting support system, 
and provision was made to detect any fouling between the model and sting 
support system. 

, Balance chamber pressure was measured by means of a single static 
Duct exit 

A check to 

orifice located in the vicinity of the strain-gage balance. 
pressure was determined on one side of the model by means of a total- 
pressure probe placed about 1/4 inch inside the duct exit. 
determine the existence of sonic flow at the duct exit was made by means 
of a static-pressure orifice located in the proximity of the local total- 
pressure probe. 
facilitate computations of jnternal drag.) 

(The duct exit was sized to obtain sonic flow and thereby 

Corrections 

Corrections to the indicated model angle of attack have been made 
for both tunnel air-flow misalinement and deflection of model and sting 
support due to aerodynamic load. 

The drag data presented herein have been adjusted to correspond to 
zero balance chamber drag coefficient. In addition, the internal drag 
has been subtracted from the adjusted drag values and the drag coeffi- 
cients presented in this paper represent the net external drag of the 
model. The magnitude of these drag adjustments may be found in figure 5. 

Accuracy 

L l  
6 
6 
6 

i’ased upon balance calibration and repeatability of data, it is 
estimhted that the various measured quantities are accurate within the 
following limits : 
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CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C '  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C z  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D,c 
c;, i . - . . " . . . . . . . . . . . . * . . . . . . . . . .  

C m .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C n . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M: 
c y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Between 2.30 and 4.00 . . . . . . . . . . . . . . . . . . .  
Above 4.03 . . . . . . . . . . . . . . . . . . . . . . . . .  

a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i o .  0005 
fO .OOO? 

fO .0002 

fO .om2 
20.002 

i o .  0002 
+o .001 

fO. 002 
f o  .om5 

*o. 015 
fO .05 
fO.l 
io.l 

PRESENTATION OF RESULTS 

Figure 

Effec t  of canard on aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h  . . . .  
Effec t  of engine package and d ive r t e r  on aerodynamic char- 

a c t e r i s t i c s  i n  p i t c h  (6, = Oo, 6, = - 0 . 5 O )  . . . . . . . . . .  
6 

7 
e Summary of longi tudina l  c h a r a c t e r i s t i c s  . . . . . . . . . . . .  

Effect of nose de f l ec t ion  on va r i a t ion  of CA with angle 
o f a t t a c k ( M = 2 . 9 5 )  9 

(L/D)- extrapolation from mo3el t o  fill sca le  . . . . . . . .  10 
Varia t ion  of lateral  c h a r a c t e r i s t i c s  with angle of a t t ack :  

F o r 6 , = 0 °  . . . . . . . . . . . . . . . . . . . . . . . . .  11 
F o r 6 , = 2 . 5 '  . . . . . . . . . . . . . . . . . . . . . . . .  12  

13 
Summary of la teral  c h a r a c t e r i s t i c s  . . . . . . . . . . . . . . .  1 4  

. . . . . . . . . . . . . . . . . . . . .  

Engine package o f f ;  d i v e r t e r  open; S, = Oo; 6, = -O.?O . . . .  

DISCUSSION 

Lmgi tudina l  Charac te r i s t ics  

L i f t . -  The da ta  presented i n  figure 6 show t h e  f a m i l i a r  reduction - 
i n  l i f t - c u r v e  slope with increasing Mach number f o r  the configuration 
with t h e  nose e i t h e r  a t  0' o r  deflected 2 . 5 O .  
approximately 3' has no s ign i f i can t  e f f e c t  on C& o r  CL, i n  t h e  

Deflecting t h e  canard 
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tes t  Mach number range f o r  the  configuration with e i t h e r  nose def lec-  
t i o n .  Deflecting the  nose 2.5' leads t o  a s l i g h t  increase i n  
however, t he  l i f t - cu rve  slope remains unchanged. Tests of t he  configu- 
r a t i o n  with the  canard removed were only performed over a very s m a l l  
angle-of-attack range due t o  the  model foul ing aga ins t  t he  s t i n g  support 
under high pitching-moment loads.  The l imi ted  da ta  obtained, however, 
ind ica te  l i t t l e  o r  no change i n  C h  or  CLo due t o  removing the  canard. 
It would be expected t h a t  t he  canard would car ry  some of t he  l i f t  load,  
bu t  because of i t s  s m a l l  s i z e  (d i c t a t ed  by the  moment arm afforded by t h e  
long forebody component), t he  addi t ive  lift of the  canard i s  masked by 
the  tes t  accuracy. 

C L ~ ;  

There are no s ign i f i can t  changes i n  any of t he  l i f t  parameters due 
t o  removing the  engine package o r  f a i r i n g  the  d i v e r t e r  smooth with t h e  
body contours. (See f i g .  7 . )  This r e s u l t  ind ica tes  t h a t  t he re  i s  l i t t l e  
o r  no benefi t  due t o  in te r fe rence  e f f e c t s  derived from any high-pressure 
flow f i e l d  t h a t  may be produced by t h e  engine package on t h e  underside of 
t h e  wing. 

Pitch.-  The bas ic  configuration i s  approximately neu t r a l ly  stable 
about the center  of grav i ty  used f o r  these  tests throughout t h e  t e s t  Mach 
number range. A t  M = 2.95, t he  da ta  ind ica t e  a s t a t i c  margin of about 
2 percent.  
ward t o  provide s u i t a b l e  s t a b i l i t y  by proper arrangement of fuel s torage.  
The data  of f igu re  8 ind ica t e  t h a t  the canard reduces t h e  s t a t i c  margin 
of t he  configuration by about 16 percent  a t  The e f fec t iveness  
of t h e  canard i n  producing the  pos i t i ve  

('/') mm 
t i c u l a r l y  a t  t h e  higher t es t  Mach numbers. For example, a t  M = 2.95, 
C,, per  degree 6c 
i s  approximately equal t o  0.004. A t  M = 4.5, C,, p e r  degree 6, i s  
approximately equal t o  0.0012 and C,, per  degree 6, i s  approximately 
equal t o  0.003. It should be pointed out  t h a t  some o f  t h e  supe r io r i ty  
of the nose over the canard i n  producing C,, 
form area of t h e  nose. 

The center  of grav i ty  of t h e  configurat ion could be moved fo r -  

M = 2.95. 
C%, necessary t o  t r i m  a t  

values,  i s  not qu i t e  as good as t h a t  of nose def lec t ion ,  par- 

i s  approximately equal t o  0.0022 and C,, per  degree 6, 

i s  due t o  t h e  l a r g e r  plan- 

The da ta  shown i n  f igu re  7 ind ica t e  t h a t  t h e  engine package and t h e  
d i v e r t e r  only cont r ibu te  secondary e f f e c t s  on any of  t h e  p i t c h  parameters 
of t he  configuration. 

Drag and performance.- The configurat ion with t h e  nose and t h e  canard 
a t  00 has a minimum drag coe f f i c i en t  of 0.0114 a t  
c ru i se  speed) and a m a x i m u m  l i f t - d r a g  r a t i o  of about 5.6 o r  5.7. 
f i g .  ?.)  
t h e  value of (L/D),= f o r  the  basic  configurat ion.  Deflect ing t h e  

M = 2.95 (near design 
(See 

An increase i n  Mach number t o  4.5 has no s i g n i f i c a n t  e f f e c t  on 

L 
6 
6 
6 
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canard approximately 3' leads t o  a decrease i n  (L/D),, of  about 0.1 
throughout the test Mach number range, although there i s  l i t t l e  change 
i n  minimum drag coef f ic ien t .  Deflecting t h e  nose of the configuration 
2.5' leads t o  a decrease i n  (L/D)- of about 0.3. This i s  i n  con- 

trast t o  da ta  from other  sources ( fo r  example, ref. 4) tha t  ind ica t e  
l i t t l e  o r  no change i n  due t o  nose def lec t ions  of t h i s  magni- 
tude. 
of t h e  nose i s  r e f l ec t ed  i n  the axial-force coe f f i c i en t s  of t he  configu- 
r a t ion .  With t h e  nose a t  Oo, t h e  axial-force coe f f i c i en t s  "bucket" near 
a = Oo; however, with 
increase from the most negative test  angle of a t tack .  There i s  consider- 
ab le  difference i n  CA near (L/D)- f o r  t h e  two nose configurat ions.  
Unpublished da ta  ind ica te  that th i s  adverse e f f e c t  of nose def lec t ion  on 
ax ia l - force  coe f f i c i en t  may be associated w i t h  t h e  blunt  plan form of 
the nose and would be minimized o r  possibly eliminated by changing the 
plan form t o  a pointed or  ogival  shape. More test  results are needed, 
however, t o  va l ida t e  this  phenomenon. Although t h e  drag penalty i s  less 
f o r  def lec t ing  the  nose than f o r  def lec t ing  the canard, unpublished data 
have indicated t h a t  C,, 

combination of smaller canard def lect ions with smaller nose def lec t ions  
than were used f o r  t he  present  invest igat ion.  

(L/D)ma 
The r e s u l t s  presented i n  figure 9 show t h a t  t h i s  adverse e f f e c t  

S, = 2.5', t h e  axial-force coefficients,continually 

can be more e f f i c i e n t l y  obtained by using a 

Figure 8 shows t h a t  t he  penal ty  i n  (L/D),, f o r  t he  d i v e r t e r  i s  
between 0.2 and 0.3 throughout t h e  test Mach number range. The penal ty  
i n  
and 2.95; however, there i s  l i t t l e  o r  no difference i n  the values  of 
(L/D)= 
a t  Mach numbers of 4.0 and 4.3. 
d ive r t e r  w i l l  possibly lead t o  wind-tunnel maximum l i f t - d r a g  r a t i o s  
approaching 6 a t  
be trimmed with su i t ab le  s t a t i c  margin t o  produce a max imum l i f t - d r a g  
r a t i o  near t h i s  value.  

(L/D)- f o r  the  engine package is about 0.3 a t  Mach numbers of 2.3 

between the  configurations with o r  without t h e  engine package 
Refinements t o  the  engine package and 

M = 3.0, and it i s  believed tha t  the configuration can 

Figure 10 shows the var ia t ion  of (L/D)- with Mach number f o r  
the untrimmed test  configuration (R = 3 x 106) and f o r  the estimated 
f u l l - s c a l e  configuration f ly ing  a t  a l t i t u d e s  compatible with the  l i f t  
c o e f f i c i e n t  f o r  (L/D)- of t h e  configuration ( i f  W / S ,  70 lb /sq  f t ) .  
Near a Mach number of 3, the 
would be about 6.8. 
f u l l - s c a l e  surface conditions w i l l  approach those of t h e  model and that 
drag extrapolat ions based on ex i s t ing  turbulent  Reynolds cumber theory 
are va l id .  With the aforementioned refinements t o  t h e  engine package 
and d i v e r t e r  a fu l l - sca l e  of 7 o r  grea te r  may be obtained. 

(L/D)max f o r  the fu l l - s ca l e  configuration 
This explanation i s  based on the assumption tha t  

(L/D)- 
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A value of about 7 for 
Introduction as that necessary for an economically feasible Mach num- 
ber 3 transport configuration. 

(L/D) has previously been mentioned in the 

In order to determine, to the first order, whether any undue drag 
due to lift is being encountered by the configurations, the drag due to 
lift of the test configurations has been compared with that for a two- 
dimensional, triangular wing (supersonic leading edge). This comparison 
(fig. 8) generally shows close agreement between the model results and 
theory at all test Mach numbers. A comparison of the drag due to lift 
of the test configurations with those of a theoretical flat plate is 
also shown in figure 8. The test configurations have a somewhat lower 
drag due to lift at M = 2.30, and this trend reduces with Mach number 
and disappears at M = 4.50. 

Lateral and Directional Stability 

With the nose and canard of the configuration at approximately 0' 
with respect to the wing chord line, the configuration is directionally 
stable throughout the test angle-of-attack range for M = 2.3. 
figs. 11 and 13.) At a Mach number of 2.95, the configuration is direc- 
tionally unstable at angles of attack between approximately *3O. At the 
two higher test Mach numbers, the Configuration is directionally unstable 
at angles of attack between approximately *bo. The degree of directional 
instability in all of these instances is relatively low and does not 
exceed a value of Canard or nose deflection of 2.5' 
has little or no effect on the directional stabllity characteristics of 
the configuration. Removing the canard, also, has little effect on the 
directional stability characteristics of the configuration. 

(See 

Xn/Q = 0.00025. 

For the configuration with the nose and canard at Oo, a negative 

Increasing the 
dihedral effect is produced at all negative test angles of attack and at 
angles of attack up to approximately 2O for 
Mach number increases the angle of attack at which a positive dihedral 
effect begins. 
in angle of attack at which a positive dihedral effect begins at all test 
Mach numbers; for example, at M =  2.3 with both the nose and canard 
deflected 2.5', positive dihedral is effected at all positive angles of 
attack. 

M = 2.3. 

Deflecting the canard or nose 2.5' leads to a reduction 

Removing the engine package leads to a slight increase in direc- 
tional stability for the configuration and considerably increases the 
negative dihedral effect. (See fig. 13.) 

L 
6 
6 
6 

A forward shift of the center of gravity by 0.055 coupled with a 
pointed or ogived nose plan form will produce a static margin of more 
than 7 percent at M = 3.0. This amount of center-of-gravity shift, in 

4 

.I 
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turn,  w i l l  a l so  lead  t o  a d i rec t iona l ly  s t a b l e  configuration and more 
near ly  place t h e  center  of grav i ty  of t h e  configuration i n  t h e  center  
of t he  passenger compartment (a desirable  a i r l i n e r  feature). 

CONCLUDING REMARKS 

Tests  of a model of a canard-type t ranspor t  configuration have 
indicated maximum l i f t - d r a g  r a t i o s  of about 5.7 near a Mach number 
of 3 a t  a Reynolds number of 3 x 106. 
drag r a t i o  approaching 6 i s  deemed t o  be possible  through fu r the r  
refinements t o  t h i s  configuration. On a bas i s  of aerodynamic eff i -  
ciency, t h i s  proposed Mach number 3 t ransport  would be economically 
f e a s i b l e  s ince t h e  l i f t - d r a g  r a t i o s  w i l l  approach and possibly exceed 
7 f o r  f l i g h t  conditions i f  the  fu l l - sca le  surface conditions are com- 
p a t i b l e  with model surface conditions.  

A n  experimental trimmed l i f t -  

Lzmgley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va., October 15, 1959. 
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TABU I.- MODEL DESIGN DlMENSIONS 

Wing : 
Area. s q f t  . . . . . . . . . . . . . . . . . . . .  
Span. i n  . . . . . . . . . . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . . . . . . . . . .  
Tip chord. i n  . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. i n  . . . . . . . . . . . .  
Aspec t r a t io  . . . . . . . . . . . . . . . . . . .  

Leading-edge sweep. deg . . . . . . . . . . . . . .  
Thickness r a t i o  
A i r f o i l  section . . . . . . . . . . . . . .  

with (t/c)- a t  0 . 5 ~  t o  0 . 7 ~  i 

. . . . . .  1.79 . . . . . .  15.272 . . . . . .  24.657 . . . . . .  10.298 . . . . . .  0.905 . . . . . .  0.417 . . . . . .  18.462 . . . . . .  62 

. . . . . .  0.025 
Hexagonal section 

Canard : 
Area ( t o t a l ) .  sq f t  . . . . . . . . . . . . . . . . . . . . . .  0.182 
Area (exposed). sq f t  . . . . . . . . . . . . . . . . . . . . .  0.088 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.836 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  5.$8 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  1.148 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  4.860 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.206 
Mean aerodynamic chord . . . . . . . . . . . . . . . . . . . .  3.E.44 
Leading-edge sweep. deg . . . . . . . . . . . . . . . . . . . .  45 
Airfoi l  section . . . . . . . . . . . . . . . . . . . . .  Double wedge 
Thickness r a t i o  (with ( t /c) ,  a t  0 . 6 ~ )  . . . . . . . . . . . .  0.025 

Vert ical  wingtip f i n s  : 
Area. each. sq f t  . . . . . . . . . . . . . . . . . . . . . . .  0.119 

Center-of-gravity location. percent ove ra l l  length . . . . . . .  65.5 

1 
6 
6 
6 

Center-of-gravity location. percent of m e a n  aerodynamic chord . . 19.5 
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Figure 6.- Effect  of canard on aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h .  
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Wing area, sq ft . . . . . . . . . . . . .  1.834 
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Canard span, in. . . . . . . . . . . . .  7.886 
Canard aspect ratio . . . . . . . . . . .  2.37 
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